This paper presents the brief geological and mineralogical characteristics of the Dorozhnoye mesothermal gold ore deposit (Magadan Region, Russia). The gold and silver minerals are represented by electrum (530‰ -700‰), freibergite, stephanite, pyrargyrite and Bi-diaphorite. The homogeneous fluid inclusions enable one to determine that the quartz-molybdenite veins were formed at a temperature of 340˚C to 140˚C, and that the quartz-sulfide gold ore veins were formed at a temperature of 165˚C to 125˚C. It is assumed that the fluid had a mixed composition and evolved from K-chloride and K-carbonate to Na-chloride. The hypergenesis zone contains: high fineness gold (800‰ -950‰), petrovskaite (AgAuS) and uytenbogaardtite (Ag3AuS2) associated with goethite and melanterite. The surface waters contain: Ca ++ up to 293 mg/L, HCO3 up to 125 mg/L, SO4 up to 777 mg/L; рН is 5.8 to 7.2. Thermodynamic calculations have been conducted and Eh-pH diagrams have been built for the Au-Ag-S-H2O system at 25˚C and 100˚C (p = 1 bar) to reveal gold and silver stability fields. Au-Ag sulfides at the Dorozhnoye deposit are formed under oxidizing conditions and an acidic environment with dominating sulfates.
Introduction
The Dorozhnoye gold deposit, located in the granitoids of the Sylgytarsky massif, possesses several specific pe- Figure 1 . Geological diagram of the Sylgytarsky ore field with alterations [2] ; geographical layout of the area is shown in the upper left corner). 1-quaternary system (αQ)-poorly defined formations of alluvium-deluvium sediments: boulders, pebble, gravel, sands, clays; 2 -5-Jurassic System, lower-medium parts: 2-Zhukovskaya suite (J 2 jk 1 ), lower sub-suite, interbedding of sandstones, aleurolites and clay slates; 3 -4-myaundzhinskaya suite: 3-upper sub-suite (J 2 mn 2 ), interbedding of sandstones, clay slates, aleurolites, with sparse gravelite lenses; 4-lower sub-suite (J 2 mn 3 ), flushoidinterbedding of sandstones, aleurolites, clay slates; 5-Arensky suite (J 1-2 ar), thin-bedded aleurolites and aleuro-sandstones with rare interlayers of sericite-siliceous schists; 6 -7-Early-Cretaceous (Kolymsky) intrusive complex: 6-granodiorites (γδK 1 ); 7-granodiorite-porphyry (γδπK 1 ); 8-Late-Jurassic-Early-Cretaceous granodiorite dykes (γδK 1 ), granodioriteporphyry (γδπK 1 ), granite-porphyry (γπK 1 ), rhyodacites (πςK 1 ), dacites (ςK 1 ), dioritic porphirites (δπJ 3 ); 9-fractures of I-III orders traced on the surface and detected by ALS scanning, proven by geophysical methods and geochemical field; 10 -contact metamorphism; 11-gold-quartz ore veins and zones of essentially silicified veinlets; 12-elements of rock occurrence; 13-deposits: 1-Sylgytar; 2-Dorozhnoye.
westerly strike (the Sredny-Berelyokhsky and the Verkhne-Neksikansky faults) and is part of the Berelyokh ore district confined by the deep Chai-Yurinsky and the Debinsky Faults. The ore field is comprised of the InyaliDebinskymega syncline of the Yano-Kolymskaya folding zone and is composed of terrigenous sand-aleuroliticflyshoid sedimentations of the Verkhoyansk Complex (J 1-2 ), compressed into an antyclinal fold of a north-easterly strike and is intersected by numerous faults, possessing a lateral structure.
The outcoming granitoides of the Sylgytarsky pluton (1.5 × 9 km) represent an intricately shaped body extended in a sublateral north-easterly direction submerged in the north underneath Triassic sediment formations [4] . According to their composition, these are granodiorites, less frequently granites possessing a content of potassium lime-alkaline and formed in a continental geodynamical environment (Figure 2) .
They contain the xenolith of the host rock which belongs to the Lower Jurassic sand-clay sediments. The intrusive body is intersected by a series of tectonic dislocations with small movement. Development operations have been recently commenced in this area. The intrusive body is framed by numerous dykes (andesites, dacites, diorite-porhyrites) of a north-westerly, north-easterly and latitudinal strike located in the fissures of the rupture. Classificational characteristics of the Sylgytar stock rocks; based on analytical data by Kalinin [2] . (а) Composition of igneous rock on the diagram SiO 2 -(Na 2 O + K 2 O) [5] : I-picrobasalts (peridotites), II-basanites (foidites), IIIbasalts (gabbro), IV-trachybasalts (subalkaline gabbro), V-basalt andesite (gabbro-diorite), VI-thrachyandesite (monzodiorite), VII-andesite (diorite), VIII-trachyandesite (monzonite), IX-dacite (granodiorite), X-trachyte, trachydacite (quartz monzonite), XI-rhyolite (granite); (b) Geodynamic environment for the formation of igneous rocks. Fields of diagram [6] : I-island-arc, II-continental; (c) K 2 O-SiO 2 ratio in igneous rocks [2] . Fields of diagram [7] : I-low-potassium tholeitic, II-mid-potassium lime-alkali, III-high-potassium lime-alkali, IV-shoshonite.
As per Firsov [1] , intrusions are characterized by multistage formation and the replacement of medium rock by medium-acidic and acidic rocks, thus proving that the magma chamber existed for a significant period of time. The resultant (K-Ar) age periods of plagiogranites date back to the Malm-Lower Cretaceous period (131 -134 МА). Interrelations between the ore bodies and the intrusive rocks prove that the Dorozhnoye deposit ores were formed during the Early Cretaceous age. The Sylgytarsky stock secondary rock alterations are as follows: sericitization, pelitization and beresitization. In the vicinity of veins, the secondary alterations of plagiogranites are more intensive and are represented by thick greisenization and beresitization zones.
The Dorozhnoye gold-bearing quartz veins (the eastern part of the stock) are 0.1 -2.0 m thick and 800 m long gently dipping plates, located vertically inside the granitoid stock separated by intervals of 100 -120 m. Presumably, these are contraction (concentric) fractures which appeared during a period of granitoid cooling (Figure 3) . The veins are of a north-easterly strike and a 10˚ -15˚ north-westerly dip. When coming out from granites to hornfels, the veins diverge and then pinch out. The average grade is 8 to 17 g/t for Au and 10 to 350 g/t for Ag. Some samples are out liers with a gold grade of up to 6 kg/t. An 800 g nugget was found. The gold-tosilver ratio is Au:Ag ≈ 1:1 -1:20. At the Nadezhda occurrence (western part of the stock) the veins are steeply dipping (radial) (Figure 3) . The veins form veinlets and veinlet zones. The prevailing thickness of the veinletsis 10 -30 cm; the thickness of the ore zones can be up to 2 m. Their strike is sublateral and north-easterly in direction. They dip to the north-west at an angle of 60˚ -80˚. The length is up to 125 m. The gold grade is 6 to 25 g/t, the silver grade is up to 300 g/t.
Two adits, a mine, several trenches and prospecting holes have been developed at the Dorozhnoye deposit. About 20 vein and vein-veinlet bodies have been explored.
Ore Mineral Composition and Succession of Paragenesis Formation
In ores the prevailing are filling veins with a massive texture of coarse-grained quartz with strips of flaky mica in the near-selvage vein zones and with sulfide and native gold impregnations. The oxidized zone has a considerable quantity of crusts, sinters, earthy and cellular textures which were generated when sulfides were replaced by hypergene minerals (Figure 4) . It is relatively straightforward to distinguish the spatial-temporal interrelations between veins of different composition: the later veins, predominantly carbonate, intersect the earlier quartz veins (gold producing veins). The quartz-molybdenite and quartz-cassiterite veins appeared earlier than the gold-quartz veins and are steeply dipping (70˚). The mineralization process can be divided into four stages, based on the study of interrelations between ore veins and veinlets, texture analysis in prospect holes, as well as micromineral intergrowths: the first three stages are classified as "hydrothermal-metasomatic"; the fourth is known as "hypergenic" ( Table 1) . Quartz-molybdenite and quartz-cassiterite parageneses without gold appeared during the first stage. During the second stage, quartz-arsenopyrite stage, galena-electrum-sulfosalts (silver minerals such as freibergite, stephanite, pyrargyrite and Bi-diaphorite) appeared. In the third stage, quartz-carbonate stage does not contain gold and silver mineralization. The fourth "hypergenic" stage occurs in the oxidized zone; it is during this stage that the following appear: high fineness gold, Au-Ag sulfides (petrovskaite, and uytenbogaardtite), together with hydroxides, aqueous sulfates and ferric arsenates.
The succession of ore mineral formation is as follows: hypogenic-quartz + cassiterite → quartz + molybdenite + pyrite + pyrrhotite → arsenopyrite → galena + sphalerite + freibergite + silver minerals → electrum → hypеrgеnic-high fineness gold (800‰ -950‰), limonite, scorodite, melanterite, petrovskaite, and uytenbogaardtite. Most important are gold and silver minerals in ores (described in more detail below). The chemical composition of these minerals is listed in Table 2 .
Native gold is primarily represented by electrum (530‰ -700‰) with rare impregnations of hypergene high fineness gold (800‰ -950‰) ( Figure 5) .
Gold is most commonly confined to vein selvage and is intergrown with light mica (Figure 6(a) ). Furthermore, gold is deposited in interstitia and along cracks in quartz. In addition, gold intergrows with arsenopyrite and galena. Electrum specks have a predominant size of 0.03 -3 mm. Nuggets can frequently be found; indeed the largest 800 g nugget was discovered in a placer deposit. The gold intergrows with coarse-crystalline quartz. According to the atomic absorption analysis, Hg (0.1 wt% -0.2 wt%) is present in gold as impurity. Exceeding Hg content up to 2.35 g/t was also found in ore samples.
Freibergite, stephanite, pyrargyrite and Bi-containing diaphorite form 0.01 to 0.1 mm inclusions (lamellae) in galena, less often-in sphalerite (Figure 7) . Freibergite is always intergrown with chalcopyrite ( Figure  7(а)-(c) ). 3% -5% of silver minerals are present in galena. Due to the mineral thin inclusions, the silver content in galena monofractions is 8000 g/t (atomic-absorbtion analysis, Kalinin 1992 ). According to microprobe analysis results, freibergite contains Fe up to 5.6 wt% and Ag up to 25.2 wt% ( Table 2 ). The Bi concentration in diaphorite is 1.2 wt%.
In contrast to pyrite, arsenopyrite is almost never found in metasomatites but is developed in quartz-sericite veins in the form of clusters consisting of 0.2 mm to 15 cm crystalline aggregates. Arsenopyrite consists of bipyramidal and short-prismatic crystals which do not exceed 2 mm in their longest side. Arsenopyrite intergrows with galena and electrum.
Galena is encountered in the form of 1 -25 mm xenomorphic nests in the quartz filling vein. Galena contains various silver mineral lamellae (pyrargyrite, stephanite, diaphorite) (Figure 7(а)-(e) ) and inter grows with electrum.
Pyrite is presented in the form of impregnations in metasomatites and is rarely encountered in veins. Pyrite is usually idiomorphic-granular and makes up a 1 mm sized cubic habit. Occasionally it is possible to find flameshaped pyrite formations replacing pyrrhotite.
Sphalerite-black-marmatite with emulsion chalcopyrite impregnations; in a similar fashion to galena, sphalerite forms xenomorphic segregations of up to 1.5 mm, and contains small freibergite inclusions (Figure 7 Molybdenite-was found in a 20 cm thick violet-gray semi-transparent quartz vein. Flakes which are smaller than 5 mm are often curved (Figure 7(c) ).
Cassiterite-was found in 5 -7 cm thick symmetric-columnar quartz veins. Cassiterite occurs in selvages taking the form of long-prismatic idiomorphic crystal habit with zonal colouring (Figure 6(c), Figure 6(d) ). Prismatic crystals grow, like quartz, from selvages towards the center. Cassiterite crystals in the hanging wall are significantly longer (up to 5 mm), and in the foot wall they do not exceed 1.5 mm.
The zone of oxidation at the Dorozhnoye deposit is intensively developed, which is confirmed by electric prospecting [4] . Amongst the hypergene minerals we have detected high fineness gold (900‰ -950‰), petrovskaite, occasionally uytenbogaardtite, which creates up to 0.1 mm thick films and rims on native gold of fineness 600‰ -680‰. Furthermore we have detected iron hydroxide-goethite and limonite, as well as aqueous iron sulfate (melanterite, FeSO 4 •7H 2 O), a considerable amount of scorodite, and a small amount of pitticite.
Petrovskaite (AuAgS) and uytenbogaardtite (Ag 3 AuS 2 ). About 70% of gold specs encountered on the surface, are covered with a dark rims which is up to 0.3 mm thick (Figure 8(a), Figure 8(b) ). It occurs rather frequently that the flake-shaped petrovskaite aggregate near these crusts penetrates into the cellular limonite aggregate at a depth of 1 mm. The X-ray studies showed that the Au-Ag sulfides are identical in characteristics to uytenbogaardtite or petrovskaite (sheets No. 20-461 or 33-0587, 19-1146 19- , JCPDS 1999 . In order to determine the variations of concentrations the micro-X-ray spectral analysis was implemented: 7.76 -11.96 for sulfur, 31.94 -43.21 for silver, 49.09 wt% -58.32 wt% for gold. Petrovskaite contains selenium impurity up to 0.6 wt% ( Table 2) .
Uytenbogaardtite and petrovskaite at the Dorozhnoye deposit have a hypergene genesis, like at the Ulakhan and the Krutoye deposits [8] - [10] .
Analysis of Fluid Inclusions in Quartz
Quartz is the primary vein mineral of the Dorozhnoye deposit. Since quartz is prevailing, the ore formation is referred to as a gold-quartz formation. Quartz contains a significant amount of genetic in formation hence it is described in more detail. The vein-filling, gold-bearing white semi-transparent quartz has a medium-and coarsegrain structure. When the veins are thicker, the quartz structure becomes drusy. In selvages quartz intergrows with sericite and has pockets and impregnations of ore minerals. The crystals are upto 2.5 cm long. Quartz has numerous cataclasis cracks and is intersected by thin quartz-chalcedonic-type veinlets with a large amount of calcite and ankerite pockets. Quartz from veinlets with molybdenite has a violet-grey tint and a cryptocrystalline texture. Quartz was studied using the derivatography method. Micro-impurities were detected using spectral analysis. Thermobarogeochemical studies of the fluid inclusions (FI) have been conducted.
Quartz transition temperatures α-β were studied using the method of derivatography on a TERMOSCAN scanner. T α-β , established for quartz from gold-bearing and molybdenite veins differ: the former are 554.0˚C and 555.8˚C, whilst the latter are 558.8˚C and 559.9˚C. The quartz transition α-β temperatures of gold-bearing veins correspond to shallow deposits [11] and to T α-β quartz polychromous volcanogenic-plutogenic gold-silver deposits. For quartz from molybdenite and quartz-cassiterite veins T α-β -560˚C is close to gold-telluride-bismuth ore manifestation A spectral analysis of micro-impurities in quartz showed that the maximum concentrations for gold-bearing quartz are as follows: Bi-1.33 g/t; Sn-4.86; Pb-223.31; Zn-69.39; Sb-56.89 g/t, which characterizes a predominantly volcanogenic (low-temperature) type of mineralization. At the same time, the amounts of Bi (12.1 g/t) and Sn (8.9 g/t) in quartz taken from a quartz-molybdenite vein, are closer to the plutonogenic ore formation [12] . According to the received data, the spatial location of quartz-muscovite gold-bearing veins shows that they are close to shallow deposits (formation of a granite pluton in the apical part, underneath the hornfels screen, on the periphery of the magma chamber).
Quartz FI studies were carried out at the Ore Genesis Lab, NEISRI FEB RAS, using a measuring complex with LinkamTHMSG-600 microthermo camera, a Motic microscope equipped with an Olympus ×50 long-focus objective, and a Moticam solution 3 px. video camera. The homogenization temperature (T hom. ) of two-phase inclusions was determined by the gas-solution transition point. No pressure allowance was entered, so the T hom. is compliant with the minimum temperature of the mineral formation. The composition and concentration of solutions were studied using the cryometric method. The salt composition of solutions was determined by eutectic melting points (Т eut. ) [13] and their concentration in wt% eq. NaCl was determined by the melting point of ice (Т melt. ) [14] . The FI was related to genetic types in compliance with the established criteria [15] - [17] .
Thermometric studies were conducted for samples from quartz-sulfide, quartz-molybdenite and quartz-cassiterite veins. Fluid inclusions in them were predominantly primary-secondary and secondary, the latter being grouped in flat traces along cracks. 4 -15 µm primary-secondary ones were taken for the study. This type is made up of singular isometric-shaped inclusions. The prevailing were the fluid inclusions containing a gas bulb and water solution with an absence of minute satellite crystals.
A wide range of homogenization temperatures (Т hom. ) was established for fluid inclusions within quartz-molybdenite material, i.e. from 340˚C to 140˚C (n-45), while inclusions of gold-quartz-sulfide material are characterized by a narrow range of 165˚C to 125˚C (n-17). The salinity of quartz fluid inclusions during the quartz-molybdenite stage is high: from 6.5 wt% to 11.7 wt% eq. NaCl (n-13), and in the quartz-sulfide stage it is low: from 0.18 wt% to 4.95 wt% eq. NaCl (n-11) (Figure 9 ). Fluid inclusions with lower concentrations of salt (below 6 wt% eq. NaCl) have eutectic points (Т eut. ) ranging from −15˚C to −27.6˚C, which proves the Na-(Mg)-chloride composition of fluids. Fluid inclusions with higher salt concentrations (7 wt% to 11.7 wt% eq. NaCl) have eutectic points (Т eut ) of −12˚C -−17˚C and −21.7˚C -−23˚C, which entails that the fluid is of a mixed composition (differentiation is possible) from K-chloride and К-carbonate to Na-chloride ( Table 3) .
The water chemistry in water streams of the Dorozhny creek basin (Magadan Region) is as follows: SO 4 from 57.6 to 777 mg/L, HCO 3 from 14 to 125 mg/L, Ca ++ from 21 to 293 mg/L (Table 4) , little amounts of Na and K, i.e. mainly calcium-sulfate-carbonate water. Chloride concentrations are low because Cl < 0.01 mg/L. рН of solutions varies within the range 5.8 -7.2.
Eh-pH Diagrams of the Au-Ag-S-H2O System
Eh-pH diagrams and log f O 2 -pH for the Au-Ag-S-H 2 O system were built in the works [18] - [21] . They display the native gold stability field of differing fineness in the crusts of weathering; however, these works do not consider the possibility of the formation of uytenbogaardtite and petrovskaite. In order to eliminate this omission and to determine the gold and silver sulfides stability fields, Eh-pH diagrams were constructed. In order to simplify the calculations, we dealt only with the basic dissolved sulfur species-sulfides (H 2 S, HS − and S [18] . Table 5 shows equations of reactions (1 -12) with the generation of Au-Ag sulfides, ΔrG and Eh of the reactions at 25˚C and 100˚C (р = 1 bar).
Reactions for the dissolved sulfur components are also provided [24] , hence they are not provided in the Table. Reactions with native gold are included in the Table for pure silver (Аg) and pure gold (Au) only. The calculation results served as the basis for the Ag-Au-S-H 2 O system. Eh-pH diagrams were built with various activities of dissolved sulfur (0.1 -0.001 m) in water. Figure 10(а) provides an example of the stability fields of acanthite, uytenbogaardtite, petrovskaite, also sulfur, silver and gold at 25˚C for the total activity of dissolved sulfur 0.001 m, which corresponds to an average SO 4 content in the Dorozhnoye deposit water streams.
We can see that the petrovskaite field is located in a strongly acidic medium under redox conditions near the sulfide-sulfate equilibrium line. The uytenbogaardtite field is wider than petrovskaite and is situated in the zone of weakly acidic and almost neutral solutions. The acanthite stability field has a wider range of рН including weakly alkaline solutions. These minerals can be formed both under reduction conditions with the participation of sulfide components (H 2 S and HS-) and in an oxidizing environment with dominating sulfates ( (0.001 m), the stability field of all Au-Ag sulfides decreases considerably in size. At the same time, an increase in total activities of up to 0.1 m has the effect of widening the range of pH and oxidizing environment at 25˚C and 100˚C. It is worthy of note that the native sulfur field lies within the acanthite, uytenbogaardtite and petrovskaite stability fields. As was shown [25] , Au-Agsulfides can be formed when crystalline or liquid sulfur react with previously sedimented native gold. The reactions are the following: 
The sulfur phase transition temperature is 113˚C. Such a temperature is rare in weathering crusts, so, it is logic that crystalline sulfur was the agent. Au-Ag sulfide composition, both in reactions 13 -15 and with dissolved sulfur (sulfides and sulfates) ( Table 6 , Reactions 5 -12), will depend on the amount of silver in native gold. If the gold fineness (N Au ) is over 370‰, uytenbogaardtite can be formed, at N Au > 650‰-petrovskaite [26] . In the oxidizing zone of the Dorozhnoye deposit uytenbogaardtite and petrovskaite were detected together with goethite and melanterite, but their reaction equations were calculated for the case when oxidizing pyrite generates these very minerals. Many Eh-pH diagrams and log f O2 -pH are known for the Fe-S-H 2 O systems. Diagrams by Garrels and Christ [24] show the fields of hematite, magnetite, pyrite and pyrrhotite. This system was considered in detail in one of the recent theses [27] describing the relations between oxides, hydroxides, sulfides, carbonates, sulfates and a number of iron aqueous sulfates. The Eh of the corresponding reactions (16 -20) was calculated in order to determine stability fields of melanterite, quite a rare mineral ( Table 6) .
Thermodynamical constants for melanterite (FeSO 4 •7H 2 O) were taken [28] , those for goethite and pyrite from [23] . Figure 10(а) shows stability fields of these minerals. The melanterite field is located in the oxidizing environment in strongly acidic solutions with dominating sulfates (thin lines in Figure 10(а) ). The goethite field is also located in the area with dominating sulfates ( 2 4 SO − ); however, the environment is less acidic. Pyrite is stable mainly in a reducing environment with prevailing sulfides. Stability fields of iron minerals can be found in diagrams in [27] ; however, they are not discussed in this paper.
Since the melanterite field is found in sulfate solutions only, uytenbogaardtite and petrovskaite are generated at the Dorozhnoye deposit in an oxidizing and acidic environment with sulfates prevailing over sulfides. Dark rims on the native gold and the presence of melanterite reveal an oxidized environment, and a solution of excessive acidity with high concentrations of sulfates. 
Discussion
The Dorozhnoye gold ore deposit differs from the deposits of the Yano-Kolymskyorogenic belt by means of its unusual geology and structure, specific alterations, native gold fineness (530‰ -700‰), and the presence of freibergite, stephanite, pyrargyrite and Bi-diaphorite, across a wide-spread area of Au-Ag sulfides in the oxidizing area (petrovskaite and uytenbogaardtite), as well as by the presence of Fe-goethite and melanterite. The Dorozhnoye deposit has the following structural peculiarity: by the time when gold mineralization was formed, concentric cracks, as opposed to radial cracks (occurring in most mesothermal gold ore deposits located in stocks of intrusive rocks) became half-opened (contraction cracks in the process of cooling), while radial fissures served as feeding channels. This helped to generate ore bodies with flat 5˚ -10˚ dipping angles, when during the process of ore sedimentation, silver, being geochemically more mobile, as opposed to gold, was not conveyed to the upper levels (as occurs with steep veins) but met the cracks and remained in the ore-hosting cavity. As a result, the following minerals were formed in ores: electrum Au 0.50 Ag 0.50 (at an average fineness of 650‰), silver-containing galena and sphalerite with a lamellae of pyrargyrite, stephanite, freibergite and diaphorite. Thermometrical studies of fluid inclusions within quartz at the Dorozhnoye deposit reveal that the oreformation was at a temperature ranging from 340˚C to 118˚C. At the same time, the solution concentrations decreased from 11.7 wt% to 0.18 wt% eq. NaCl, and the fluid composition changed considerably from predominantly K-chloride and К-carbonate to Na-(Mg)-chloride. The typomorphic characteristics of native gold and fluid inclusions within gold ore vein quartz, as well as the metasomatic alterations (sericitization and bericitization), show that the sedimentation of gold and silver minerals occured at relatively low temperatures from weakly acidic chloride solutions-from 165˚C to 125˚C. The results comply with the data in theses [29] - [31] which prove that low gold-silver ratios in ore (Au:Ag) ≈ 1:1 -1:20 and low fineness gold are caused by 100˚C -400˚C hot weakly acidic, almost neutral, moderately chloride solutions with dominating transportation forms as AuHS 
These minerals could also have been formed at the Dorozhnoye deposit with the participation of silver minerals, lead and zinc sulfides.
Conclusions
The mineralization process at the Dorozhnoye deposit is comprised of four stages. Quartz-molybdenite and quartz-cassiterite paragenesis were formed during the first stage. The second quartz-arsenopyrite stage forms galena, freibergite, stephanite, pyrargyrite, Bi-diaphorite and electrum. The third quartz-carbonate stage is unproductive. The fourth hypergene stage forms high fineness gold, Au-Ag sulfides (petrovskaite, uytenbogaardtite), together with hydroxides, aqueous sulfates and iron arsenates.
Temperatures of the formation of quartz-molybdenite and quartz-cassiterite veins are close with range from 360˚C -170˚C. Those temperatures differ considerably from the later gold-sulfide-quartz paragenesis (165˚C -125˚C). It was stated that the composition of the fluid was subject to change during ore sedimentation from Na-Mg-chloride to Na-K-chloride-carbonate.
Thermodynamical calculations show that uytenbogaardtite and petrovskaite form in redox environment near the zone of sulfide-sulfate equilibrium, under conditions of excessive acidity and with the participation of sulfides (H 2 S aq ) or sulfates ( 
